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(54) Polarized light illumination device and projection display device 



(57) In a polarized light illumination device 1, ran- 
domly polarized light emitted from first and second light 
sources 101 and 102 is directionally separated into two 
types of polarized light by a polarized light separating 
and synthesizing optical element 201, secondary light- 
source images, which are offset in the x direction, are 
formed, and then, the direction of polarization is aligned. 
In this case, at least two of first to third light-collecting 
mirror plates 301, 302 5 and 303 are shifted in parallel 
from about the center axis of the polarized light sepa- 
rating and synthesizing optical element 201 so that sec- 
ondary light-source images of s-polarized light in emit- 
ting light from the first and second light sources 101 and 
102 overlap each other, and so that secondary light- 
source images of p-polarized light overlap each other. 
Thus, there is provided a polarized light illumination de- 
vice that is able to utilize both polarized light compo- 
nents by using a plurality of light sources without in- 
creasing the illumination angle, and a projection display 
device that is able to project a considerably bright pro- 
jection image. 



[Fig. 1) 
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D scription 

[0001] The present invention relates to a polarized 
light illumination device for uniformly illuminating a rec- 
tangular illumination area and the like by using polarized 
light, and to a projection display device using the polar- 
ized light illumination device. More particularly, the 
present invention relates to a structural technique of 
synthesizing light emitted from two light sources while 
aligning the polarization directions of the light. 
[0002] A liquid crystal display device using a modula- 
tion element of a type that modulates a specific polar- 
ized light, such as a liquid crystal element, can utilize 
only one of two polarized light components included in 
light emitted from a light source. Therefore, there is a 
need to enhance light utilization efficiency in order to ob- 
tain a bright projection image. Since a projection display 
device using a single light source has a limited ability to 
enhance light utilization efficiency the amount of light 
has been increased by using a plurality of light sources 
as a means for obtaining a bright image. 
[0003] When simply a plurality of light sources are ar- 
ranged the area of a light-source image is increased by 
a plurality of times, and the angle distribution of light for 
illuminating an illumination area is also increased (the 
illumination angle is increased), whereas the amount of 
light per given area is the same as that in the case where 
a single light source is used. Consequently, in this case, 
the amount of light per given area is not practically in- 
creased even when a plurality of light sources are used. 
[0004] If the amount of light is increased by using a 
plurality of light sources, when only one of two types of 
polarized light components, which are included in light 
emitted from the light sources, can be used, half the light 
is wasted, which reduces the effectiveness by half. 
[0005] Accordingly, an object of the present invention 
is to provide a polarized light illumination device that is 
able to utilize both polarized light components by using 
a plurality of light sources, without increasing the illumi- 
nation angle, and to provide a projection display device 
that is able to project a considerably bright projection 
image. 

[0006] In order to achieve the above object, the 
present invention provides a polarized light illumination 
device including a polarized light beam separating and 
synthesizing optical element having at least six sides 
and having a first polarized light separation means for 
separating light, incident from a first side, into two types 
* of polarized lights, emitting one of the polarized lights 
toward a third side, and emitting the other polarized light 
toward a fourth side, and a second polarized light sep- 
aration means for separating light, incident from a sec- 
ond side, into two types of polarized lights, emitting one 
of the polarized lights toward the fourth side, and emit- 
ting the other polarized light toward a fifth side; first and 
second light sources for causing light to enter the first 
and second sides ol the polarized light separating and 
synthesizing optical element, respectively; a first light 



collecting and reflecting optical element disposed on the 
third side of the polarized light separating and synthe- 
sizing optical element and having a plurality of small light 
collecting and reflecting elements for changing the di- 
5 rection of travel of respective incident light and forming 
a focal image; a second light collecting and reflecting 
optical element disposed on the side of the fourth side 
of the polarized light separating and synthesizing optical 
element and having a plurality of small light collecting 
10 and reflecting elements for changing the direction of 
travel of respective incident light and forming a focal im- 
age; a third light collecting and reflecting optical element 
disposed on the fifth side of the polarized light separat- 
ing and synthesizing optical element and having a plu- 
is rality of small light collecting and reflecting elements for 
changing the direction of travel of respective incident 
light and forming a focal image: a first polarization-state 
conversion optical element disposed between the third 
side of the polarized light separating and synthesizing 
20 optical element and the first light collecting and reflect- 
ing optical element; a second polarization -state conver- 
sion optical element disposed between the fourth side 
of the polarized light separating and synthesizing optical 
element and the second light collecting and reflecting 
25 optical element; a third polarization -state conversion op- 
tical element disposed between the fifth side of the po- 
larized light separating and synthesizing optical element 
and the third light collecting and reflecting optical ele- 
ment; and a polarization conversion optical element, 
30 disposed on the side of a sixth side of the polarized light 
separating arid synthesizing optical element, for align- 
ing the direction ol polarization of light emitted from the 
polarized light separating and synthesizing optical ele- 
ment, wherein the principal ray of light, which is reflected 
35 by the small light collecting and reflecting elements of 
the first light collecting and reflecting optical element 
and the third light collecting and reflecting optical ele- 
ment and enters the polarization conversion optical el- 
ement, and the principal ray of light, which is reflected 
40 by the small light collecting and reflecting elements of 
the second light collecting and reflecting optical element 
and enters the polarization conversion optical element, 
are in parallel with each other and do not overlap each 
other. 

45 [0007] In the polarized light illumination device of the 
present invention, randomly polarized light emitted from 
first and second light sources, which cause light to enter 
first and second surfaces of a polarized light separating 
and synthesizing optical element, is separated into two 

so types of polarized light, namely, p-polarized light and s- 
polarized light, by the polarized light separating and syn- 
thesizing optical element. The respective polarized light 
is separated into a plurality of intermediate beams by 
first, second, and third light collecting and reflecting op- 

55 tical elements disposed on the sides of third, fourth, and 
fifth surfaces of the polarized light separating and syn- 
thesizing optical element. Furthermore, the polarization 
directions of the intermediare beams are aligned by a 
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polarization conversion optical el mentdispos donth 
side of a sixth surfac of the polarized light s parating 
optical lement. Therefore, although two light sources 
ar used, the area of an illumination area to be illumi- 
nated can be made almost equal to that of the area to 
be illuminated by a single light source, without increas- 
ing the incident angle (illumination angle) of illumination 
. tf light with respect to the illumination area. For this rea- 
: * • son . the amount of light per given area can be about 
double that in the case where a single light source is 
used, and therefore, the illumination area can be illumi- 
nated more brightly. When the intermediate beams sep- 
arated by the respective light collecting and reflecting 
optical elements are superimposed on one point in an 
illumination area, the illumination area can be uniformly 
illuminated. Therefore, when the polarizing illumination 
device of the present invention is used as a light source 
in a display device, a considerably uniform image can 
be obtained. Furthermore, in the polarized light illumi- 
nation device of the present invention, randomly polar- 
ized light emitted from the first and second light sources 
can be aligned with p-polarized light, s-polarized light, 
or the like and synthesized with little loss. Therefore, 
when the polarized light illumination device of the 
present invention is adopted in a display device using a 
modulation element that modulates a specific polarized 
light, such as a liquid crystal element, a considerably 
bright image can be obtained. Furthermore, the principal 
ray of light, which is reflected by small light collecting 
and reflecting elements in the first light collecting and 
reflecting optical element and the third light collecting 
and reflecting optical element and enters the polariza- 
tion conversion optical element, and the principal ray of 
light, which is reflected by small light collecting and re- 
flecting elements in the second light collecting and re- 
flecting optical element and enters the polarization con- 
version optical element, are in parallel with each other. 
This means that light reflected by the small light collect- 
ing arid reflecting elements in the first to third light col- 
electing and reflecting optical elements enters the polar- 
- ized light separating and synthesizing optical element 
at almost the same angle. As a result, even when the 
polarized light separating and synthesizing characteris- 
tics of the polarized light separating and synthesizing 
optical element are apt to depend on the incident angle 
of light, it is possible to stably separate and synthesize 
polarized light, and to obtain nearly uniform illumination 
light. 

• [0008] In the present invention, the first light collecting 
and reflecting optical element is disposed approximately 
parallel with the third surface of the polarized light sep- 
arating and synthesizing optical element: the second 
light collecting and reflecting optical element is disposed 
approximately parallel with the fourth surface of the po- 
larized light separating and synthesizing optical ele- 
ment, the third light collecting and r fleeting optical ele- 
ment is disposed approximately parallel with the fifth 
surface of the polarized light separating and synthesiz- 



ing optical element, the first, s cond, and third light col- 
lecting and reflecting optical elements are arranged so 
that the first principal ray of light, which is reflected by 
the small light collecting and r fleeting elements in the 

5 first light collecting and reflecting optical element and 
the third light collecting and reflecting optical element 
and which enters the polarization conversion optical el- 
ement, and the second principal ray of light, which is 
reflected by the small light collecting and reflecting ele- 

10 ments in the second light collecting and reflecting optical 
element and which enters the polarization conversion 
optical element, are in parallel with each other and do 
not overlap each other. By arranging the first, second 
and third light collecting and reflecting optical elements 

*s jn such a manner, secondary light-source images of p- 
polarized light and s-poiarized light can be formed at 
predetermined positions, which are spatially different, 
by the small light collecting and reflecting elements con- 
stituting the light collecting and reflecting optical ele- 

20 ments. 

[0009] The positions where the first to third light col- 
lecting and reflecting optical elements are arranged are, 
however, not required to be clearly defined. In short, the 
first to third light collecting and reflecting optical ele- 

25 ments are arranged so that secondary light-source im- 
ages of p-polarized light and s-polarized light included 
in emitting light from the first and second light sources 
are formed at spatially separated positions, so that sec- 
ondary light-source images of p-polarized light included 

30 jn emitting light from the first light source and secondary 
light-source images of p-polarized light included in emit- 
ting light from the second light source overlap each oth- 
er, and so that secondary light-source images of s-po- 
larized light included in emitting light from the first light 

35 source and secondary light-source images of s-polar- 
ized light included in emitting light from the second light 
source overlap each other. 

[0010] In the present invention, the aperture shape of 
the small light collecting and reflecting elements may be 

40 similar to that of the illumination area. Since light from 
the light source is separated into a plurality of lights by 
the light collecting and reflecting optical element and is 
finally superimposed on the illumination area, the adop- 
tion of the above-mentioned structure allows light from 

& the light source to be guided to the illumination area 
without waste. 

[0011] In the present invention, a light-collecting opti- 
cal element having a plurality of light-collecting ele- 
ments may be disposed on the incident or emitting side 

» of the polarization conversion optical element to collect 
light emitted from the polarized light separating and syn- 
thesizing optical element. By thus placing the light-col- 
lecting optical element, each of a plurality of lights sep- 
arated by the light collecting and reflecting optical ele- 

5 ment can be collected and effectively guided to prede- 
termined positions in the polarization conversion optical 
element, which improves the polarization conversion ef- 
ficiency of the polarization conversion optical element. 
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When the first to third light collecting and reflecting op- 
tical elements are constituted by different numbers of 
small light collecting and reflecting elements, the light- 
collecting optical element is constituted by twice as 
many light-collecting elements as the light reflecting op- 
tical elements used in the light collecting and reflecting 
optical element which is constituted hy the largest 
number of light reflecting elements. 
[0012] In the present invention, a superimposing op- 
tical element for superimposing light emitted from the 
polarization conversion optical element onto the illumi- 
nation area may be disposed on the emitting side of the 
polarization conversion optical element. By thus placing 
the superimposing optical element, a plurality of lights 
separated by the light collecting and reflecting optical 
element can be effectively guided to the illumination ar- 
ea, which improves the illumination efficiency. 
[0013] In the present invention, a path-changing opti- 
cal element for changing the path of light emitted from 
the polarization conversion optical element may be dis- 
posed on the emitting side of the polarization conversion 
optical element. When the path-changing optical ele- 
ment is placed so that illumination light can emerge in 
a direction parallel to the plane defined by the optical 
axes of two light sources having relatively large dimen- 
sions, it is possible to reduce the thickness in one direc- 
tion of the polarized light illumination device, and to 
thereby achieve a low-profile polarized light illumination 
device. Therefore, when this polarized light illumination 
device is used as a light source in a projection display 
device or the like, it is also possible to achieve a compact 
projection display device. 

[0014] In the present invention, the small light collect- 
ing and reflecting elements in the first to third light col- 
lecting and reflecting optical elements may be formed 
of a plurality ol curved reflecting mirrors. Furthermore, 
the small light collecting and reflecting elements of the 
first to third light collecting and reflecting optical ele- 
ments may be formed of lenses, and reflecting surfaces 
formed on the opposite side of the polarized light sepa- 
rating and synthesizing optical element of the lenses. 
Such a structure makes it possible to easily separate 
light from the light source into a plurality of intermediate 
beams. When the curved reflecting mirrors are formed 
of decentering mirrors, or when the lenses are formed 
of decentering lenses, it is possible to reduce the sizes 
of the polarization conversion optical element and the 
light-collecting optical elements mentioned above, and 
• to effectively guide light to the illumination area without 
using the aforesaid superimposing optical element. 
[0015] The polarized light illumination device of the 
present invention may be used in a projection display 
device that includes an optical modulation element for 
modulating light emitted from a polarized light illumina- 
tion device, and a projection optical system for project- 
ing the light modulated by the optical modulation ele- 
ment. 

[0016] The polarized light illumination device of the 



present invention may also be used in a projection dis- 
play device capable of displaying a color image, which 
includes a colored-light separating optical element for 
separating light emitted from a polarized light illumina- 
5 tion device into a plurality of colored lights; a plurality of 
optical modulation elements for modulating the colored 
lights separated by the colored-light separating optical 
element; a colored-light synthesizing optical element for 
synthesizing the lights modulated by the plurality of op- 
10 tica! modulation elements; and a projection optical sys- 
tem for projecting the light synthesized by the colored- 
light synthesizing optical element. 
[0017] The polarized light illumination device of the 
present invention may also be used in a projection dis- 
15 play device including a reflective-type optical modula- 
tion element for modulating light emitted from a polar- 
ized light illumination device, a polarized light separating 
optical element for separating a plurality of polarized 
light components contained in the light emitted f rorrhthe 
20 polarized light illumination device and the light modulat- 
ed by the reflective-type optical modulation element, 
and a projection optical system for projecting the light 
modulated by the reflective-type optical modulation el- 
ement and emitted via the polarized light separating op- 
25 tical element. 

[0018] The polarized light illumination device of the 
present invention may also be used in a projection dis- 
play device including a colored-light separating optical 
element for separating light emitted from a polarized 
30 light illumination device into a plurality of colored lights; 
a plurality of reflective-type optical modulation elements 
for modulating the colored lights separated by the color- 
ed-light separating optical element; a plurality of polar- 
ized light separating optical elements for separating a 
35 plurality of polarized light components contained in the 
colored lights separated by the colored-light separating 
optical element and the colored lights modulated by the 
plurality of reflective-type optical modulation elements; 
a colored-light synthesizing optical element for synthe- 
40 sizing the lights modulated by the reflective-type optical 
modulation elements and emitted via the polarized light 
separating optical elements; and a projection optical 
system for projecting the light synthesized by the color- 
ed-light synthesizing optical element. 
45 [0019] When the projection display device using the 
polarized light illumination device of the present inven- 
tion is constituted in such a manner, it is possible to ob- 
tain a projection image that is bright and uniform bright- * 
ness. Since the polarized light illumination device of the 
so present invention emits beams polarized in the same di- 
rection, it is suitable for a projection display device using 
a liquid crystal element as an optical modulation ele- 
ment. 

[0020] In the above-mentioned projection display de- 
55 vice, it is preferable that at least one of the first and sec- 
ond light sources be detachable. Such a structure per- 
mits one of the light sources to be detached when the 
projection display device is carried, which improves 



4 



EP0 938 014 A1 



8 



portability. 

[0021] In the abov -mentioned projection display de- 
vice, it is pr f rable that at least one of the first and sec- 
ond light sources can be s lectively lit. According to this 
structure, for example, when the projection display de- 
vice is driven by a battery, the life of the battery can be 
extended by selectively lighting only one of the light 
sources. Furthermore, the brightness of a projection im- 
age can be appropriately changed according to the en- 
vironment or the preferences of the viewer by lighting 
two light sources when a projection image is viewed in 
an illuminated environment, and by selectively lighting 
only one of the light sources when a projection image is 
viewed in a dark environment. 

[0022] In addition, lights emitted from the first and 
second light sources in the projection display device 
may have different spectral characteristics and different 
brightness characteristics. This structure makes it pos- 
sible to easily set the hue of illumination light to a pre- 
determined hue. 

f 0023 ^ Embodiments of the present invention will be 
"described by way of further example only and with ref- 
*■ erence to the accompanying drawings, in which:- 

"[0024] Fig. 1 is a schematic structural view of an op- 
- tical system constructed in a polarized light illumination 

device according to a first embodiment of the present 

invention. 

[0025] Fig. 2 is an explanatory view showing a de- 
tailed structure of a polarized light separating and syn- 
thesizing optical element. 

[0026] Fig. 3 is a schematic structural view showing 
the basic structure of the optical system constructed in 
the polarized light illumination device according to the 
first embodiment of the present invention. 
[0027] Fig. 4 is a perspective view of a light-collecting 
mirror plate in the polarized light illumination device 
shown in Fig. 1 . 

[0028] Fig. 5 is an explanatory view showing a polan 
izing operation performed in the polarized light illumina- 
tion device shown in Fig. 1 . 

[0029] Fig. 6 is a perspective view of a lens plate in 
the polarized light illumination device shown in Fig. 1. 
[0030] Fig. 7 is an explanatory view showing the po- 
sitions of secondary light-source images formed in the 
light-collecting lens plate of the polarized light illumina- 
tion device shown in Fig. 1. 

[0031] Fig. 8 is a schematic structural view of an op- 
tical system constructed in a polarized light illumination 
device according to a second embodiment of the 
present invention. 

[0032] Fig. 9 is a schematic structural view showing 
jfie basic structure of an optical system constructed in 
apolarized light illumination device according to a third 

.. embodiment of the present invention. 

'[0033] Fig. 1 0 is a schematic structural view showing 
the basic structure of an optical system constructed in 
a polarized light illumination device according to a fourth 
embodiment of th pr sent invention. 



[0034] Fig. 11 is a p rspective view of a light-collect- 
ing mirror plate according to a fifth mbodiment, which 
is abl to b used in the polarized light illumination de- 
vic s of the first to fourth embodiments. 
5 [0035] Fig. 1 2 is a schematic structural view showing 
the structure in the xz plane of an optical system in an 
example of a projection display device including the po- 
larized light illumination device shown in Figs. 1 and 3. 
[0036] Fig. 1 3 is a schematic structural view showing 
10 the structure in the yz plane of the optical system in the 
projection display device shown in Fig. 12. 
[0037] Fig. 14 is an explanatory view showing emis- 
sion spectrum of light-source lamps in the polarized light 
illumination device. 
is [0038] Fig. 1 5 is a schematic structural view showing 
the structure in the xz plane of an optical system in an- 
other example of a projection display device including 
the polarized light illumination device shown in Figs. 1 
and 3. 

20 [0039] In the following description of each of the em- 
bodiments and the attached drawings, corresponding 
parts are denoted by the same numerals and repetition 
of description thereof is omitted. Three spatial axes, 
which are orthogonal to one another, are designated the 

25 x-axis, the y-axis, and the z-axis. Two directions in par- 
allel with the x-axis are designated the +x direction and 
the -x direction, two directions in parallel with the y-axis 
are designated the +y direction and the -y direction, and 
two directions in parallel with the z-axis are designated 

30 the +z direction and the -z direction, respectively. 

First Embodiment 

[0040] Fig. 1 is a perspective view of a polarized light 

35 illumination device according to a first embodiment of 
the present invention. In this embodiment, there are pro- 
vided two light sources, a first light source 101 and a 
second light source 102 that emit light polarized in ran- 
dom directions (hereinafter referred to as "randomly po- 

40 larized light"). 

[0041] As shown in Fig. 1 , a polarized light illumination 
device 1 of this embodiment comprises, along system 
optical axes L1 and L intersecting at right angles in the 
xy plane, the first light source 1 01 , a polarized light sep- 

45 arating and synthesizing optical element 201 , a first A/4 
phase plate 351 (first polarization-state conversion op- 
tical element), a second A/4 phase plate 352 (second 
polarization-state conversion optical element), a first 
light-collecting mirror plate 301 (first light collecting and 

50 reflecting optical element), a second light-collecting mir- 
ror plate 302 (second light collecting and reflecting op- 
tical element), a light-collecting lens section 401 (light- 
collecting optical element, polarization conversion opti- 
cal element, superimposing optical element), and a re- 

55 fleeting mirror 501 (path-changing optical element). 
Randomly polarized light emitted from the first light 
source 101 is, as will be described later, separated into 
two types of polariz d light by the polarized light sepa- 



5 



EP0 938 014 A1 



10 



rating and synthesizing optical element 201, is synthe- 
sized again into one type of polarized light by the first XI 
4 phase plate 351, the first light-collecting mirror plate 
301 , the second 7J4 phase plate 352, the second light- 
collecting mirror plate 302, the polarized light separating 
and synthesizing optical element 201, and the light-col- 
lecting lens section 401 , and then, reaches a rectangu- 
lar illumination area 601 via the reflecting mirror 501 . 
[0042] Arranged along system optical axes L2 and L, 
intersecting at right angles in the yz plane, are the sec- 
ond light source 102, the polarized light separating and 
synthesizing optical element 201 , a third A/4 phase plate 
353 (third polarization-state conversion optical ele- 
ment), the second A/4 phase plate 352, a third light-col- 
lecting mirror plate 303 (third light collecting and reflect- 
ing optical element), the second light-collecting mirror 
plate 302, the light-collecting lens section 401 , and the 
reflecting mirror 501. Randomly polarized light emitted 
from the second light source 1 02 is, as will be described 
later, separated into two types of polarized light by the 
polarized light separating and synthesizing optical ele- 
ment 201. is synthesized again into one type of polar- 
ized light by the third A/4 phase plate 353, the third light- 
collecting mirror plate 303, the second A/4 phase plate 
352, the second light-collecting mirror plate 302, the po- 
larized light separating and synthesizing optical element 
201, and the light-collecting lens section 401, and sim- 
ilarly reaches the rectangular illumination area 601 via 
the reflecting mirror 501. The direction of emission of 
the illumination light, which is caused by the reflecting 
mirror 501 to change its direction of travel through an 
angle of about 90°, is nearly in parallel with the plane 
including L1 and L2. 

[0043] The first and second light sources 101 and 102 
generally include light -source lamps 111 and 112, and 
parabolic reflectors 121 and 122, respectively. Random- 
ly polarized light radiated from the light-source lamps 
1 1 1 and 1 1 2 is reflected in one direction by the parabolic 
reflectors 1 21 and 1 22, is converted into a nearly parallel 
beam, and enters the polarized light separating and syn- 
thesizing optical element 201. Instead of the parabolic 
reflectors 121 and 122, elliptical reflectors, spherical re- 
flectors, and the like may be used. 
[0044] The polarized light separating and synthesiz- 
ing optical element 201 is a polarization beam splitter 
having nearly the shape of a hexahedron, in which first 
and second polarized light separation films 211 and 21 2 
formed ol dielectric multilayer films are built in a prism 
- 202 made of glass. The first polarized light separation 
film 211 is placed at an angle with respect to emitting 
light from the first light source 101 so that it forms an 
angle a1 = 45° with respect to a first surface 221 of the 
polarized light separating and synthesizing optical ele- 
ment 201. The second polarized light separating film 
212 is placed at an angle with respect to emitting light 
from the second light source 102 so that it forms an an- 
gle <x2 = 45° with respect to a second surface 222 of the 
polarized light separating and synthesizing optical ele- 



ment 201 . 

[0045] Fig. 2 is a detailed structural view of the polar- 
ized light separating and synthesizing optical element 
201. As shown in Fig. 2, the polarized light separating 
5 and synthesizing optical element 201 consistSiOf^wq.trh 
angular-pyramid prisms 291 and 295, and two quadran^ 
gular-pyramid prisms 292 and 294. 
[0046] The first polarized light separation films 211 
are formed between a side face BDH of the first trian- 
10 gular-pyramid prism 291 and a side face BDH of the first 
quadrangular-pyramid prism 292, and between a side 
face BFH of the second quadrangular-pyramid prism 
294 and a side face BFH of the second triangular-pyra- 
mid prism 295. This first polarized light separation film 
15 211 is formed by, for example, evaporating dielectric 
multilayer films on one of the side face BDH of the first 
triangular-pyramid prism 291 and the side face BDH of 
the first quadrangular-pyramid prism 292, and on one of 
the side face BFH of the second quadrangular-pyramid 
20 prjsm 294 and the side face BFH of the second triangu- 
lar-pyramid prism 295. The first polarized light separa- 
tion film 21 1 may be formed on any of the side face BDH 
of the first triangular-pyramid prism 291 and the side 
face BDH of the first quadrangular-pyramid prism 292, 
25 and on any ol the side face BFH of the second triangular- 
pyramid prism 294 and the side face BFH of the second 
quadrangular-pyramid prism 295. Since the first polar- 
ized light separation film 211 to be formed on two prisms 
is required to be flat, however, it is preferable that the 
30 first polarized light separation film 21 1 be formed on the 
side face BDH of the first triangular-pyramid prism 291 
and the side face BFH of the second quadrangular-pyr- 
amid prism 294, or on the side face BDH of the first • 
quadrangular-pyramid prism 292 and the side face BFH 
35 of the second triangular-pyramid prism 295;- v^- ^ 
[0047] On the other hand, the second polarizedjlight 
separation film 21 2 is formed between a side face-ABH 
of the first triangular-pyramid prism 291 and aside face 
ABH of the second quadrangular-pyramid prism 294 
40 and between a side face BGH of the first quadrangular- 
pyramid prism 292 and a side face BGH of the second 
triangular-pyramid prism 295. The second polarized 
light separation film 212 is formed by evaporating die- 
lectric multilayer films on one of the side face ABH of 
45 the first triangular-pyramid prism 291 and the side face 
ABH of the second quadrangular-pyramid prism 294, 
and on one of the side face BGF of the first quadrangu- 
lar-pyramid prism 292 and the side face BGH of the sec- 
ond triangular-pyramid prism 295. The second polarized 
50 light separation film 212 may be formed on any of the 
side face ABH of the first triangular-pyramid prism 291 
and the side face ABH of the second quadrangular-pyr- 
amid prism 294, and on any of the side face BGH of the 
first quadrangular-pyramid prism 292 and the side face 
55 BGH of the second triangular-pyramid prism 295. Since 
the second polarized light separation film 212 to be 
formed on two prisms is required to be flat, however, it 
is preferable that the second polarized light separation 
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film 212 be formed on the sid face ABH of th first tri- 
angular-pyramid prism 291 and th side fac BGH of 
the first quadrangular-pyramid prism 294, or on th side 
face ABH of th second quadrangular-pyramid prism 
294 and the side face BGH of the second triangular-pyr- 
amid prism 295. 

[0048] The side faces BDH of the first triangular-pyr- 
amid prism 291 and the first quadrangular-pyramid 
prism 292, where the first polarized light separation film 
21 1 is formed, are bonded to each other, thereby form- 
ing a first prism assembly 293. The side faces BFH of 
the second quadrangular-pyramid prism 294 and the 
second triangular-pyramid prism 295, where the polar- 
ized light separation film 211 is formed, are bonded to 
each other, thereby forming a second prism assembly 
296. Finally, side faces ABGH of the two prism assem- 
blies 293 and 296, where the second polarized light sep- 
aration film 212 is formed, are bonded to each other, 
whereby the polarized light separating and synthesizing 
optical element 201 is completed. Of course, the above- 
mentioned order in which four prisms are assembled is 
just an example, and the order is not limited to the above 
one. 

[0049] A further description will be given with refer- 
*: ence to Fig. 1 . The first A/4 phase plate 351 is disposed 
' so as to face a third surface 231 of the polarized light 
Separating and synthesizing optical element 201, and 
the first light-collecting mirror plate 301 is disposed out- 
side the phase plate. In this embodiment, the first A/4 
phase plate 351 and the first light-collecting mirror plate 
301 are arranged approximately in parallel with the third 
surface 231. The second A/4 phase plate 352 is dis- 
posed so as to face a fourth surface 232 of the polarized 
light separating and synthesizing optical element 201, 
and the second light-collecting mirror plate 302 is dis- 
posed outside the phase plate. In this embodiment, the 
second A/4 phase plate 352 and the second light-col- 
lecting mirror plate 302 are arranged approximately in 
parallel with the fourth surface 232. The third A/4 phase 
plate 353 is disposed so as to face a fifth surface 233 of 
the polarized light separating and synthesizing optical 
element 201, and the third light-collecting mirror plate 
303 is disposed outside the phase plate. In this embod- 
iment, the third A/4 phase plate 353 and the third light- 
collecting mirror plate 303 are arranged approximately 
in parallel with the fifth surface 233. A detailed structure 
of the first to third light-collecting mirror plates 301 , 302, 
and 303 will be described later. Although the first to third 
A/4 phase plate 351, 352, and 353 shown in Fig. 1 are, 
prior to plain view, apart from the polarized light sepa- 
rating and synthesizing optical element 201 , it is prefer- 
able that they be disposed in close contact with the po- 
larized light separating and synthesizing optical element 
201. 

[0050] On the side of a sixth surface 234 of the polar- 
ized light separating and synthesizing optical element 
201, the light-collecting lens section 401, which will be 
described in detail later, composed of a light-collecting 



lens plat 411, a A/2 phase plate 421 (polarization con- 
version optical el ment), and a superimposing lens 431 
(superimposing optical element), is disposed p rp n- 
dicuiar to the system optical axis L (se Fig. 3). 
5 [0051] Description will be given of the processes in 
which randomly polarized light emitted from the first light 
source 1 01 is separated into two types of polarized light 
according to the direction of polarization, in the polarized 
. light illumination device 1 having the structure men- 
10 tioned above. Fig. 3 is a cross -sectional view taken 
along the xy plane shown in Fig. 1 . The reflecting mirror 
501 is omitted, because it is not directly related to the 
description of the processes. Therefore, the optical path 
from the light-collecting lens section 401 to the illumina- 
*5 tion area 601 is shown as a straight line. This also ap- 
plies to Figs. 9 and 10 that will be described later. 
[0052] Randomly polarized light emitted from the first 
light source 101 can be regarded as combination light 
of p-polarized light and s-polarized light. The combina- 

20 tion light, which is emitted from the first light source 1 01 
and enters the first surface 221 of the polarized light sep- 
arating and synthesizing optical element 201, is sepa- 
rated into two types of polarized light, p-polarized light 
and s-polarized light, by the first polarized light separa- 

25 tion film 211. That is, p-polarized light included in the 
randomly polarized light passes unchanged through the 
first polarized light separation film 211 and travels to- 
ward the third surface 231, while s-polarized light is re- 
flected by the first polarized light separation film 211, 

30 and changes its direction of travel toward the fourth sur- 
face 232 of the polarized light separating and synthesiz- 
ing optical element 201 . 

[0053] The two types of polarized lights separated by 
the polarized light separating and synthesizing optical 
36 element 201 pass through the first and second A/4 
phase plate 351 and 352, and are reflected by the first 
and second light-collecting mirror plates 301 and 302, 
respectively. 

[0054] As shown in Fig. 4 showing the outer appear- 
40 ance, these light-collecting mirror plates 301 and 302 
are formed by arranging in a matrix a plurality of small 
light-collecting mirrors 311, each having a rectangular 
outer shape that is almost similar to that of the illumina- 
tion area 601, and forming reflecting surfaces 312 by 
45 aluminum-evaporated films, dielectric multilayer films, 
and the like, on the surfaces of the small light-collecting 
mirrors 311 . In this embodiment, the reflecting surfaces 
312 of the small light-collecting mirrors 311 are formed 
in a part-spherical shape. The curved form of the reflect- 
so ing surfaces 312 may be parabolic, spherical, or toric, 
and it can be set according to the properties of incident 
light from the first and second light sources 1 0 1 and 1 02. 
This also applies to the third light -collecting mirror plat 
303 that will be described later. 
55 [0055] P-polarized light and s-polarized light separat- 
ed by the first polarized light separation film 211 respec- 
tively pass through the first and second A/4 phase plates 
351 and 352, are reflected by the first and second light- 
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collecting mirror plates 301 and 302, and pass again 
through the A/4 phase plates 351 and 352, while the di- 
rections of travel thereof are reversed by about 180°, 
and simultaneously, the direction of polarization is 
changed by 90°. The change of the polarized light will 
be described with reference to Fig. 5. In this figure, the 
light-collecting mirror plate 301 or 302 is shown as a flat 
mirror plate 321 for brief explanation. P-polarized light 

322 that is incident on the A/4 phase plate 351 or 352 is 
converted by the A/4 phase plate into right-handed cir- 
cularly polarized light 323 (into left-handed circularly po- 
larized light depending on the way the A/4 phase plate 
is arranged), and reaches the mirror plate 321 . The light 
is reflected by the mirror plate 321 , and simultaneously, 
the turning direction of the polarization plane is 
changed. That is, right-handed circularly polarized light 

323 changes to left-handed circularly polarized light 324 
(left-handed circularly polarized light changes to right- 
handed circularly polarized light). The polarized light, 
whose direction of travel is reversed by about 180° by 
the mirror plate 321 and which is converted into left- 
handed circularly polarized light 325, passes again 
through the A/4 phase plate 351 or 352, where it is con- 
verted into s-polarized light 325. Through similar proc- 
esses, s-polarized light 325 is converted into p-polarized 
light 322. 

[0056] A further description will be given with refer- 
ence to Fig. 3. The p-polarized light that reaches the 
third surface 231 is caused by the first 7JA phase plate 
351 and the first light-collecting mirror plate 301 to re- 
verse its direction of travel by about 180° /and simulta- 
neously, is converted into s-polarized light. The s-polar- 
ized light is reflected by the first polarized light separa- 
tion film 211 so that its direction of travel is changed, 
and travels toward the sixth surface 234. On the other 
hand, the s-polarized light that reaches the fourth sur- 
face 232 is caused by the second A/4 phase plate 352 
and the second light-collecting mirror plate 302 to re- 
verse its direction of travel by about 180°, and simulta- 
neously, is converted into p-polarized light The p-polar- 
ized light passes unchanged through the first polarized 
light separation film 211, and travels toward the sixth 
surface 234. Since the first polarized light separation 
film 211 also functions as a polarized light synthesizing 
film, the polarized light separating and synthesizing op- 
tical element 201 functions as a polarized light separat- 
ing and synthesizing optical element. 
[0057] Since the first and second light-collecting mir- 
* ror plates 301 and 302 are composed of the small light- 
collecting mirrors 311 having a light-collecting function, 
they approximately reverse the direction of travel of po- 
larized light, and form the same number of focal images 
as that of the small light-collecting mirrors 311 that con- 
stitute the light-collecting mirror plates 301 and 302. 
These focal images are none other than light-source im- 
ages, and therefore, they are referred to as secondary 
light-source images hereinafter. 
[0058] The light-collecting lens plate 411 is a com- 



pound lens member composed of rectangulai^Snpali 
lenses 412, as shown in Fig. 6, which shows the outer 
appearance, and there are twice as many small lenses 
41 2 as the small light-collecting mirrors 31 1 constituting 

5 the first to third light-collecting mirror plates 301, 302, 
and 303. When the first to third light-collecting mirror 
plates 301, 302, and 303 are composed of different 
numbers of small light-collecting mirrors 311 , the light- 
collecting lens plate 411 is composed of twice as many 

10 small lenses 41 2 as the number of small light -collecting 
mirrors that constitute the light-collecting mirror plate 
which has the largest number of small light-collecting 
mirrors 311 . 

[0059] The first light -collecting mirror plate 301 is dis- 
75 posed so that about the center thereof is shifted by p1 
from the x-axis in the +y direction. The second light-col- 
lecting mirror plate 302 is disposed so that about the 
center thereof is shifted by p2 from the y-axis in the - x 
direction. 

20 [0060] Since the light-collecting mirror plates are 
shifted from the x-axis or the y-axis, as mentioned 
above, the principal ray of s-polarized light, which is re- 
flected by the small light-collecting mirror 311 in the first 
light-collecting mirror plate 301 and enters the light-col- 

25 lecting lens section 401, and the principal ray of p-po- 
larized light, which is reflected by the small light-collect- 
ing mirror 311 in the second light-collecting mirror plate 
302 and enters the light-collecting lens section 401 , are 
in parallel with each other, and do not overlap. That is, 

30 a secondary light-source image of s-polarized light-tj^at 
is formed by thefirst light-collecting mirror plate,3j|l and 
a secondary light -source image of p-polarized Might tjpat 
is formed by the second light-collecting mirror plate 302 
are formed at slightly different positions in the x-axis di- 
ss rection. In this embodiment, the arrangement spacing 
between secondary light-source images of p-polarized 
light and secondary light-source image of s-polarized 
light is equal to £1 + p2. Fig. 7 shows secondary light- 
source images formed by two types of polarized light 

40 when the light-collecting lens plate 411 is viewed from 
the side of the illumination area 601 . Two types of sec- 
ondary light-source images, secondary light-source im- 
ages C1 formed by p-polarized light (areas of circular 
images that are shaded by oblique lines slanting up to 

45 the right) and secondary light-source images C2 formed 
by s-polarized light (areas of circular images that are 
shaded by oblique lines slanting up to the left) are ar- 
ranged at intervals of pi + P2 in the x-axis direction. 
Formed on the surface of the light-collecting lens plate 

50 411 on the side of the illumination area 601 is the A/2 
phase plate 421 having phase layers 422 (Fig. 3) that 
are selectively formed corresponding to the positions of 
the secondary light-source images C1 of p-polarized 
light. Therefore, p-polarized light is subjected to a rota- 

55 tory polarization action when passing through the phase 
layers 422, and is converted into s-polarized light. On 
the other hand 5 since s-polarized light does not pass 
through the phase layers 422, it passes unchanged 
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through th X/2 phase plat 421 without being subjected 
to th turning action of th polarization plane. For this 
reason, most light emerging from the light-collecting 
lens section 401 is aligned into s-polarized light. 
[0061] The light thus aligned into s-polarized light is 
^superimposed on one point in the illumination area 601 
? *by the superimposing lens 431 disposed on the surface 
bf the A/2 phase plate 421 that is on the side of the illu- 
^mination area 601. In this case, although not shown in 
Fig. 3, illumination light reaches the illumination area 
601 after it is caused by the reflecting mirror 501 , inter- 
posed between the superimposing lens 431 and the il- 
lumination area 601, to bend its direction of travel 
through about 90°, as shown in Fig. 1 . That is, a plurality 
of image planes, which are cut out by the small light- 
collecting mirrors 311 in the first and second light-col- 
lecting mirror plates 301 and 302, are superimposed at 
one point by the light-collecting lens plate 411 and the 
superimposing lens 431, and are converted into one 
type of polarized light when passing through the A/2 
phase plate 421, whereby almost all light reaches the 
illumination area 601 . Therefore, the illumination area 
601 is illuminated with mainly one type of polarized light. 
Simultaneously, since the illumination area 601 is illu- 
minated with a plurality of secondary light-source imag- 
es, there are only small variations in illumination inten- 
sity, and the illumination area 601 is uniformly illuminat- 
ed. 

[0062] A description will be given again with reference 
to Fig. 1. Through the processes that are in principle 
similar to those of randomly polarized light emitted from 
the first light source 101, randomly polarized light emit- 
ted from the second light source 102 is also collected at 
the positions, which are slightly different according to 
the polarization direction, by the polarized light separat- 
jng and synthesizing optical element 201, the second 
^laHd trtjrd light-collecting mirror plates 302 and 303, the 
^second and third A/4 phase plates 352 and 353, and the 
■ jike. After that, the light is converted into one type of po- 
larized light by the light-collecting lens section 401, 
thereby uniformly illuminating one point in the illumina- 
tion area 601 . 

[0063] Namely, p-polarized light of randomly polar- 
ized light emitted from the second light source 1 02 pass- 
es unchanged through the second polarized light sepa- 
ration film 212 in the polarized light separating and syn- 
thesizing optical element 201, and travels toward the 
fifth surface 233. while s-polarized light is reflected by 
the second polarized light separation film 212, and 
changes its direction of travel toward the fourth surface 
232. The p-polarized light and the s-polarized light thus 
separated pass though the third and second A/4 phase 
plates 353 and 352, are reflected by the third and sec- 
ond light-collecting mirror plates 303 and 302, and pass 
again through the A/4 phase plates 353 and 352; respec- 
tively. Therefore, the p-polarized light that reaches the 
fifth surface 233 is caused by the third A/4 phase plate 
353 and the third light-collecting mirror plate 303 to re- 



verse th dir ction of travel by about 180°, simultane- 
ously converted into s-polarized light, is r fleet d by the 
second polarized light separation film 212 so as to 
change th direction of travel, and travels toward the 
5 sixth surface 234. On the other hand, the s-polarized 
light that reaches the fourth surface 232 is caused by 
the second A/4 phase plate 352 and the second light- 
collecting mirror plate 302 to reverse its direction of trav- 
el by about 180°, and simultaneously, is converted into 
10 p-polarized light. Then, the p-polarized light passes un- 
changed through the second polarized light separation 
film 212, and travels toward the sixth surface 234. 
[0064] The third light-collecting mirror plate 303 is al- 
so composed of small light-collecting mirrors 311 having 
a light-collecting function, similar to the first and second 
light-collecting mirror plates 301 and 302, and is dis- 
posed so that about the center thereof is shifted by P3 
from the z-axis in the +x direction. Therefore, the prin- 
cipal ray of p-polarized light, which is reflected by the 
20 small light-collecting mirror 311 in the second light-col- 
lecting mirror plate 302 and enters the light-collecting 
lens section 401, and the principal ray of s-polarized 
light, which is reflected by the small light-collecting mir- 
ror 311 in the third light-collecting mirror plate 303 and 
25 enters the light-collecting lens section 401 , are in paral- 
lel with each other, and do not overlap. That is, second- 
ary light-source images of p-potarized light that are 
formed by the second light-collecting mirror plate 302 
and secondary light-source images of s-polarized light 
30 that are formed by the third light -collecting mirror plate 
303 are formed at slightly different positions. These two 
types of secondary light-source images formed in this 
case (secondary light-source images of p-polarized light 
and secondary light-source images of s-polarized light) 
55 overlap with two types of secondary light-source images 
formed by light emitted from the first light source 101 so 
that the directions of polarization are the same. That is, 
secondary light-source images of p-polarized light that 
is included in emitting light from the first light source 101 
and secondary light-source images of p-polarized light 
that is included in emitting light from the second light 
source 1 02 are formed at the same positions so that they 
overlap each other. For this purpose, the amount 03 of 
shift of the third light-collecting mirror plate is set to be 
equal to pi . According to the above, emitting light from 
the second light source 102 is also aligned into s-polar- 
ized light in a manner similar to emitting light from the 
first light source 101 . As a result, emitting light from th 
first and second light sources 101 and 102 is synthe- 
sized into s-polarized light, and reaches the illumination 
area 601 via the reflecting mirror 501 . 
[0065] As mentioned above, according to the polar- 
ized light illumination device 1 of this embodiment, ran- 
domly polarized light emitted from the first and second 
light sources 1 01 and 1 02 is separated into two types of 
polarized light by the polarized light separating and syn- 
thesizing optical element 201, and is guided to prede- 
termined ar as of the X/2 phase plate 421 , where p-po- 
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larized light is converted into s-polarized light. There- 
tore, randomly polarized light emitted from the first and 
second light sources 101 and 102 can be synthesized 
after most of the light is aligned into s-polarized light, 
without causing any loss, which makes it possible to 
brightly illuminate the illumination area 601. Moreover, 
although the two light sources 101 and 102 are used, 
since it is possible to synthesize illumination light from 
the two light sources 101 and 102 without increasing the 
incident angle (illumination angle) of the; illumination 
light with respect to the illumination area, the cross-sec- 
tional area of the illumination light is the same as that in 
the case where a single light source is used. Therefore, 
the amount of light per given area can be double that in 
the case where a single light source is used. Both the 
two light sources consisting of the first and ; second light 
sources 101 and 102 can be placed in the xz plane. In 
this case, since the reflecting mirror 501. is disposed to 
change the direction of travel of illumination light emitted 
from the light-collecting lens section 401, the direction 
of emission of the illumination light can be iri parallel with 
the xz plane where the two light sources are arranged. 
Therefore, the polarized light illumination device of this 
embodiment is suitable for reduced thickness and low 
height. In short, the reflecting mirror 501 placed behind 
the light-collecting lens section 401 provides an in- 
creased degree of freedom in design for size reduction 
of the polarized light illumination device. 
[0066] In order to guide two types of polarized light to 
predetermined areas ol the XI2. phase plate 421 , the po- 
larized light separating and synthesizing optical element 
201 needs to have a high polarized light separating abil- 
ity. In this embodiment, since the polarized light sepa- 
rating and synthesizing optical element 201 is constitut- 
ed by a prism of glass, and dielectric multilayer films 
made of an inorganic material, the polarized light sepa- 
rating ability of the polarized light separating and syn- 
thesizing optical element 201 is thermally stable. For 
this reason, an always stable polarized light separating 
ability can be provided in an illumination device that is 
required to produce high light-output, which makes it 
possible to achieve a polarized light device having sat- 
isfactory performance. 

[0067] In this embodiment, in accordance with the 
rectangular shape of the illumination area 601 , the small 
light-collecting mirrors 311 in the first to third light-col- 
lecting mirror plates 301 , 302, and 303 are formed in a 
rectangular shape that is long from side to side (almost 
♦ similar to the shape of the illumination area), and simul- 
taneously, the direction of separation of the two types of 
polarized light emerging from the polarized light sepa- 
rating and synthesizing optical element 201 (the direc- 
tion in which secondary light-source images formed by 
the two types of polarized light are arranged) is set to a 
lateral direction (x direction) in accordance with the 
shape of the illumination area 601 . For this reason, 
when the illumination area 601 having a rectangular 
shape that is long from side to side is lormed, the illu- 



mination efficiency can be enhanced without any loss in 
the amount of light. 

[0068] The fact that the principal ray of s-polarized 
light, which is reflected by the small light collecting and 
5 reflecting elements in the first light-collecting mirror 
plate 301 and the third light-collecting mirror plate 303 
and enters the light-collecting lens section 401 , and the 
principal ray of p-polarized light, which is reflected by 
the small light collecting and reflecting elements in the 
10 second light collecting and reflecting optical element 
and enters the light-collecting lens section 401 , are in 
parallel with each other means that light reflected by the 
small light collecting and reflecting elements in the first 
to third light correcting and reflecting elements enters 
15 the polarized light separating and synthesizing optical 
element 201 at almost the same angle. Therefore, even 
when the polarized light separating and synthesizing 
properties of the polarized light separating and, sypthej 
i sizing optical element 201 are apt to depend on the inr 
20 cident angle of light, polarized light separation an%syn- 
' thesis can be stably performed, whereby nearly uniform 
illumination light can be obtained. ; 
[0069] The amounts p1 , (32, and p3 and directions of 
shift of the first to third light-collecting mirror plates 301 , 
25 302, and 303 from the x, y, and z axes, which have been 
mentioned in this embodiment, are not limited to those 
in the embodiment. In short, the amounts p1 , p2, and p3 
and directions of shift of the first to third light-collecting 
mirror plates 301 , 302, and 303 are set so that second- 
30 ary light-source images of p-polarized light and s-polar- 
ized light included in emitting light from the first and sec- 
ond light sources 101 and 102 are formed at spatially 
separated positions, so that secondary light-source im- 
ages of p-polarized light included in emitting light from 
35 the first light source 101 and secondary light-source im- 
ages of p-polarized light included in emitting light from 
the second light source 102 overlap each other, and so 
that secondary light-source images of s-polarized light 
included in emitting light from the first light source 101 
40 and secondary light-source images of s-polarized light 
included in emitting light from the second light source 
102 overlap each other. 

[0070] Therefore, it is not always necessary to shift all 
the first to third light-collecting mirror plates in parallel 

45 from the corresponding axes (x-axis, y-axis, and z-axis). 
For example, it may be possible to shift only the second 
light-collecting mirror plate 302 in parallel without shift- 
ing the first and third light-collecting mirror plates 301 
and 303 in parallel so that the x-axis or the z-axis passes 

50 through about the centers of the light -col lectin gfrnirror 
plates. Conversely, it may be possible to shift only jthe 
first and third light-collecting mirror plate 30t and'303 iri 
parallel without shifting the second light-collectirig^mir- 
ror plate 302 in parallel so that the y-axis passes through 

55 about the center of the second light-collecting mirror 
plate 302. In some cases, there is a need to similarly 
shift the light-collecting lens section 401 from the y-axis, 
depending on the amount and direction of shift of the 
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first to third light-collecting mirror plates. 
[0071] Whil the A/2 phase plate 421 is disposed on 
the side of the light-collecting lens plat 411 closer to 
the illumination area in this embodiment, it may b dis- 
posed at other positions near the positions where sec- 
ondary light-source images are formed. For example, 
the A/2 phase plate 421 may be disposed on the side of 
the light-collecting lens plate 411 closer to the light 
source. 

[0072] When the microlenses 412 that constitute the 
light-collecting lens plate 411 are formed of decentering 
lenses, light emerging from each of the microlenses 41 2 
can be directed toward the illumination area 601 , where- 
by the light-collecting lens plate 411 also serves the 
function of the superimposing lens 431 . When the small 
light-collecting mirrors 31 1 that constitute the first tothird 
light-collecting mirror plates 301, 302, and 303 are 
formed of decentering mirrors, light emerging from the 
^small light-collecting mirrors 311 can be directed toward 

* Jthe^ illumination area 601 , whereby the first to third light- 
/ fcdllecting mirror plates 301 , 302, and 303 also similarly 

♦ Serve the function of the superimposing lens 431 . Since 
the superimposing lens 431 can be omitted in these cas- 
es, it is possible to reduce the cost of the polarized light 
illumination device. In the latter case, the spacing, 
shown in Fig. 7, between secondary light-source images 
formed by p-polarized light and secondary light-source 
images formed by s-polarized light is smaller than (31 + 
p2. 

[0073] When light emitted from the first and second 
light sources 101 and 102 offers high parallelism, the 
light-collecting lens plate 411 may be omitted. 
[0074] While the microlenses 412 constituting the 
light-collecting lens plate 411 are formed of rectangular 
lenses that are long from side to side, there are no spe- 
cific limitations on the shape thereof. Since secondary 
light-source images C1 formed by p-polarized light and 
secondary light-source images C2 formed by s-polar- 
ized light are arranged in the lateral direction, as shown 
in Fig. 7, it is preferable to determine the shape of the 
microlenses 412 constituting the light-collecting lens 
plate 41 1 , according to the positions where the second- 
ary light-source images are formed. 
[0075] Two types of phase layers having different 
characteristics may be placed at the positions where 
secondary light-source images are formed by p-polar- 
ized light and the positions where secondary light- 
source images are formed by s-polarized light, respec- 
tively, such as to align light into one type of polarized 
: light that is polarized in one specific direction. Further, 
" 5 nK<§ phase layers 422 may be placed at the positions 
,! wheVe secondary light-source images C2 are formed by 
's-polarized light such as to make illumination light into 
p-polarized light. 

Second Embodiment 

[0076] While the first to third light-collecting mirror 



plates 301, 302, and 303 in th polariz d light illumina- 
tion d vice 1 shown in Fig. 1 ar placed so that second- 
ary light-source images formed by p-poiariz d light and 
secondary light-sourc images formed by s-polarized 

s light are arranged nearly in parallel with the x-axis, the 
first to third light -collecting mirror plates 301, 302, and 
303 may be placed so that secondary light-source im- 
ages formed by p-polarized light and secondary light- 
source images formed by s-polarized light are arranged 

10 nearly in parallel with the z-axis, as in a polarized light 
illumination device 2 shown in Fig. 8. In this case, for 
example, the first light-collecting mirror plate 301 is dis- 
posed so that about the center thereof is shifted by yl 
from the x-axis in the -z direction, the second light-col- 

1* lecting mirror plate 302 is disposed so that about the 
center thereof is shifted by 72 from the y-axis in the +z 
direction, and the third light-collecting mirror plate 303 
is disposed so that about the center thereof is shifted by 
73 from the z-axis in the +y direction. In this case, the 

20 basic principle of the polarized light illumination device 
is similar to that of the polarized light illumination device 
1 , and therefore, a detailed description thereof is omit- 
ted. 

25 Third Embodiment 

[0077] In a polarized light illumination device 3 shown 
in Fig. 9 (a cross-sectional view taken along the xy 
plane), the layout of respective optical systems is almost 
30 the same as that in the first embodiment. The polarized 
light illumination device 3 is, however, characterized in 
that a prism structure 251 is constituted by six transpar- 
ent plates 252 forming wall surfaces, that a first polar- 
ized light separation flat plate 253 having a first polar- 
55 jzed light separation film 211 and a second polarized 
light separation flat plate (This is not shown. Since th 
second polarized light separation plate is divided by the 
first polarized light separation plate 253, exactly, two po- 
larized light separation plates are needed.) having a 
40 second polarized light separation film (not shown) are 
placed inside the prism structure 251 , and that the struc- 
ture filled with a liquid 254 is used as a polarized light, 
separating and synthesizing optical element 201. It is 
necessary that the transparent plates, the first and sec- 
ond polarized light separation plates, and the liquid have 
almost the same refractive index. This makes it possible 
to reduce the cost and weight of the polarized light sep- 
arating and synthesizing optical element 201. 
[0078] Further, in the polarized light illumination de- 
vice 3, small lenses constituting a light-collecting lens 
plate 411 in a light-collecting lens section 401 are 
formed of decentering lenses, as mentioned in the first 
embodiment, whereby the light-collecting lens plate 411 
also serves the function of a superimposing I ns, and 
the superimposing lens is omitted. This makes it possi- 
ble to reduce th cost and weight of the polarized light 
illumination device. 
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Fourth Embodiment 

[0079] In a polarized light Illumination device 4 shown 
in Fig. 1 0 S the layout of respective optical systems is the 
same as that in the first embodiment. The polarized light 
illumination device 4 is characterized in that a polarized 
light separating and synthesizing optical element 201 is 
formed of a flat structure. That is, two polarized light sep- 
aration plates 261 (since one of the polarized light sep- 
aration plates is separated by the other polarized light 
separation plate, exactly, three polarized light separa- 
tion plates are provided), in which a polarized light sep- 
aration film 262 is sandwiched between two glass sub- 
strates 263, are placed at an angle ccj = 45° with respect 
to the system optical axis L (L1 , L2), whereby they serve 
almost the same function as that of the polarized light 
separating and synthesizing optical element 201 using 
a prism having a hexahedron shape (see Fig. 1). This 
makes it possible to reduce the cost and weight of the 
polarized light separating and synthesizing optical ele- 
ment 201. In the polarized light separating and synthe- 
sizing optical element 201 of this embodiment, the first 
to sixth surfaces as in the polarized light separating and 
synthesizing optical elements 201 of the first to third em- 
bodiments do not actually exist. However, it can be im- 
agined that the polarized light separating and synthesiz- 
ing optical element 201 has first to sixth surfaces, as 
shown by dotted lines in the figure. Therefore, light 
sources 201 and 202, A/4 phase plates 351 , 352, and 
353, light-collecting mirror plates 301, 302, and 303, a 
light-collecting lens section 401, and the like are posi- 
tioned with respect to these first to sixth imaginary sur- 
faces, as in the first to third embodiments mentioned 
above. 

Fifth Embodiment 

[0080] In the above-described polarized light illumina- 
tion devices 1 to 4, some or all of the first to third light- 
collecting mirror plates 301, 302, and 303 may be re- 
placed with a light-collecting mirror plate 304 shown in 
Fig. 11. The light-collecting mirror plate 304 is com- 
posed of a plurality of small lenses 305, and a reflecting 
mirror plate 306. 

[0081] Further, when the plurality of microlenses 305 
in this structure are formed of decentering lenses, light 
emerging from the microlenses 305 can be directed to- 
ward the illumination area 601. Therefore, the first to 
" third light-collecting mirror plates can also serve the 
function of the superimposing lens 431. Since the su- 
perimposing lens 431 can be omitted in this case, it is 
possible to reduce the cost of the polarized light illumi- 
nation device. 

Sixth Embodiment 

[0082] Figs. 1 2 and 1 3 shows an example of a projec- 
tion display device that improves the brightness of a pro- 



jection image by using the polarized light illumination de- 
vice 1 of the first embodiment, or the polarized light illu- 
mination devices of the first to fifth embodiments . In a 
projection display device 5 of this embodimenUjight- 
s transmissive liquid crystal light valves are used ; as^opti- 
cal modulation elements, and two types of light j^yrce 
lamps having different emission spectrum ;ar'e^|!|tas 
two light sources in the polarized light illuminatiop de- 
vice 1 . The light-source lamps can be selectively lit. Fig. 
io 1 2 is a cross-sectional view of the projection display de- 
vice 5 taken along the xz plane, and Fig. 13 is a cross- 
sectional view of the projection display device 5 taken 
along the yz plane. A light-collecting lens section 401, 
a reflecting mirror 501 that serves as a path changing 
is optical element, and the like are omitted from Fig. 12. 
[0083] Referring to Figs. 1 2 and 1 3, the polarized light 
illumination device 1 incorporated in the projection dis- 
play device 5 of this embodiment includes a first light 
source 101 and a second light source 102 for emitting 
20 randomly polarized light in one direction. Randomly po- 
larized light emitted from these light sources is separat- 
ed into two types of polarized light by a polarized light 
separating and synthesizing optical element 201 . P-po- 
larized light of the respective separated polarized light 
25 is converted into s-polarized light by a A/2 phase plate 
421 in the light-collecting lens section 401 , and emerges 
from the light-collecting lens section in about one type 
of polarization state (s-polarization state). The polarized 
light emerging from the light-collecting lens section is 
30 caused by the reflecting mirror 501 to change its direc- 
tion of emission to the -z direction, and enters a blue 
and green light reflecting dichroic mirror 701. 
[0084] Red light of illumination light emitted from the 
polarized light illumination device 1 first passes through 
35 the blue and green light reflecting dichroic mirror 701 
(colored-light separating optical element), and blu|.;iight 
and green light are reflected thereby. The red lightjis re- 
flected by a reflecting mirror -702, and reaches!!a^|^liq T 
uid crystal light valve 703 via a collimator lens 7j 6. ; Al- 
40 though polarizers are disposed on the incident and emit- 
ting sides of the liquid crystal light valve, they are not 
shown in Fig. 12. On the other hand, the green light of 
the blue and green light is reflected by a green light re- 
flecting dichroic mirror 704 (colored-light separating op- 
45 tical element), and reaches a second liquid crystal light 
valve 705 via a collimator lens 716. The collimator lens- 
es 716 disposed on the incident sides of the first and 
second liquid crystal light valves 703 and 705 serve to 
improve the illumination efficiency by restraining light for 
50 illuminating the light valves from spreading, and to ef- 
fectively guide light, which is incident from the liquid 
crystal light valves, to a projection lens that will be de- 
scribed later. On the incident side of a third liquid crystal 
light valve 711 , an emitting-side lens 710 constituting a 
55 light guide means 750 is disposed, as will be described 
later, so as to serve the function of the collimator lenses 
716. These collimator lenses may be omitted. 
[0085] Since the blue light has a longer optical path 
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than those of the other two colored lights, th light guid 
nri ans 750, which is formed of a relay lens system con- 
stitut d including an incident-side lens 706, a r lay lens 
708, and the emitting-side lens 710, is provided for the 
blue light. That is, blue light, which has passed through 
the green light reflecting dichroic mirror 704, is first guid- 
ed to the relay lens 708 via an incident-side lens 706 
and a reflecting mirror 707. The blue light is collected by 
the relay lens 708, and is then guided to the emitting- 
side lens 710 by a reflecting mirror 709. After that, the 
blue light reaches the third liquid crystal light valve 711 . 
[0086] The first to third liquid crystal light valves 703, 
705, and 711 modulate the colored lights to contain cor- 
responding image information corresponding to each of 
the colors, and then cause the modulated colored lights 
to enter a cross-dichroic prism 713 (colored-light syn- 
thesizing optical element). The cross-dichroic prism 71 3 
has a structure in which a dielectric multilayer film for 
reflecting red light and a dielectric multilayer film for re- 
flecting blue light are formed in the shape of a cross, 
and synthesizes the modulated colored lights. The syn- 
thesized light passes through a projection lens 71 4 (pro- 
jection optical system), and forms an image on a screen 
715. 

[0087] The projection display device 5 thus structured 
employs liquid crystal valves that modulate one type of 
polarized light. Therefore, when randomly polarized 
light is guided to the light valve by using a conventional 
illumination device, more than half the randomly polar- 
ized light (about 60%) is absorbed by the polarizer and 
changed into heat, which lowers the light utilization ef- 
<: ficiency. Moreover, a large and noisy cooling device is 
needed to restrict heat generation by the polarizer. In 
the projection display device 5 of this embodiment, such 
problems are substantially solved. 
[0088] In the projection display device 5 of this em- 
bodiment, only one polarized light (e.g., p-polarized 
light) is subjected to the turning action of the polarization 
plane by the X/2 phase plate 421 in the polarized light 
illumination device 1, thereby aligning the polarization 
plane thereof and the polarization plane of the other po- 
larized light (e.g., s-polarized light). Since the polarized 
lights polarized in the same direction are guided to the 
first to third liquid crystal light valves 703, 705, and 711 , 
the light utilization efficiency is improved, and a bright 
projection image can be obtained. Moreover, since the 
amount of light to be absorbed by the polarizer is re- 
duced, an increase in temperature of the polarizer is lim- 
ited. For this reason, it is possible to reduce the size and 
noise of the cooling device. In addition, since two light 
sources, the first and second light sources 101 and 102, 
are provided and the polarization directions of the light 
emitted from the light sources are aligned without any 
loss of light, a bright projection image can be obtained. 
Since dielectric multilayer films, which are thermally sta- 
ble, are used as the polarized light separation films in 
the polarized light illumination device 1, the polarized 
light separating ability of the polarized light separating 



and synthesizing optical elem nt 201 is th rmally sta- 
ble. Consequently, a stabl polarized light separating 
ability is always provided in the projection display device 
5 that is ne ded to produce high light output. 
5 [0089] Although the two light sources 101 and 102 are 
used, since illumination light therefrom can be synthe- 
sized without increasing the incident angle (illumination 
angle) of the illumination light with respect to the illumi- 
nation area, the cross-sectional area of the illumination 

10 light is the same as that in the case in which a single 
light source is used. Therefore, the amount of light per 
given area can be double that in the case in which a 
single light source is used. Consequently, a brighter pro- 
jection image can be achieved. 

« [0090] Since two types of polarized light emerging 
from the polarized light separating and synthesizing op- 
tical element 201 are separated in the lateral direction 
in accordance with the display area of the liquid crystal 
light valve, which is long side to side and serves as an 

20 illumination area, in the polarized light illumination de- 
vice 1 , it is possible to efficiently illuminate the illumina- 
tion area having a rectangular shape that is long from 
side to side, without wasting the amount of light. There- 
fore, the polarized light illumination device 1 is suitable 

2S for a liquid crystal light valve, which is long from side to 
side, for projecting an image that is powerful and easy 
to see. 

[0091] In addition, since the cross-dichroic prism 71 3 
is used as the colored-light synthesizing optical element 

30 in this embodiment, size reduction is possible, and the 
optical path between the liquid crystal light valves 703, 
705, and 711 and the projection lens 714 can be short- 
ened. Therefore, even when a projection lens having a 
relatively small aperture is used, a bright projection im- 

35 age can be achieved. Although only one of the three op- 
tical paths of the respective colored lights has a different 
length, the light guide means 750 consisting of a relay 
lens system including the incident-side lens 706, the re- 
lay lens 708, and the emitting-side lens 710 is provid d 

^o for the blue light having the longest optical path in this 
embodiment, and therefore, inconsistencies in color and 
the like do not arise. 

[0092] Since the reflecting mirror 501 that serves as 
the path-changing optical element is interposed be- 

45 tween the light-collecting lens section 401 serving as the 
polarization conversion optical element and the blue 
and green light reflecting dichroic mirror 701 in this em- 
bodiment, it is possible to change the direction of travel 
of polarized light emerging from the polarization conver- 

50 sion optical element. This makes it possible to arrang 
in parallel the plane, in which the colored-light separat- 
ing optical element, the colored-light synthesizing opti- 
cal element, the optical modulation device, the projec- 
tion optical system, and the like are arranged, and the 

55 plane including the polarized light illumination device 1 
that has two light sources with relatively large dimen- 
sions, and to thereby achieve a low-profile projection 
display device that has a reduced thickness in one di- 
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rection. 

[0093] In the polarized light illumination device 1 in- 
corporated in the projection display device 5 of this em- 
bodiment, one ot the first light source 101 and the sec- 
ond light source 102 may be detachable. According to 
this structure, for example, when the projection display 
device 5 is carried, one of the light sources can be de- 
tached, thereby improving portability. 
[0094] In the two light sources 101 and 102 in the po- 
larized light illumination device 1 incorporated in the pro- 
jection display device 5 of this embodiment, two types 
of light-source lamps having different emission spec- 
trum and different brightness characteristics are used, 
and these light-source lamps can be selectively lit. The 
adoption of such a structure provides the following ad- 
vantages. 

1 ) By using in combination two types of light-source 
lamps having different emission spectrum, an ideal 
illumination device, or an illumination device that is 
ideal for a projection display device can be 
achieved. This point will be described ; by means of 
an example. For example, it is ideal that a light- 
source lamp for use in a projection display device 
produces high light output in all the wavelength re- 
gions of blue light, green light, and red light, and 
that the output is balanced in proportion. Under 
present conditions, however, such an ideal light- 
source lamp is rare. Fig. 14 is an explanatory view 
showing the spectrum of light emitted from the light- 
source lamp and the polarized light illumination de- 
vice. In general most existing light-source lamps, 
for example, provide a relatively high emission effi- 
ciency and a relatively low intensity of red light (this 
case corresponds to a common high-pressure mer- 
cury-vapor lamp) as shown in (A), or provide a rel- 
atively high intensity of red light and a relatively low 
overall emission efficiency (this case corresponds 
to a certain kind of metal halide lamp) as shown in 
(B). Under such present conditions ol light-source 
lamps, when two types of light-source lamps having 
the emission spectrum shown in (A) and (B) are 
used and simultaneously lit in the polarized light il- 
lumination device 1 of the projection display device 
5 of this embodiment, the spectrum of light emitted 
from the polarized light illumination device 1 can be 
made ideal, as shown in (C), which makes it possi- 
ble to easily achieve a projection display device that 
is able to obtain a high-quality bright projection im- 
age. 

2) By selectively lighting two types of light-source 
lamps having different emission spectrum, the hue 
of a projection image can be appropriately changed 
to suit the preferences of the viewer. 

3) By selectively lighting two types ol light-source 
lamps, the brightness of a projection image can be 
appropriately changed according to the environ- 
ment where the projection display device is used, 



or according to th preferences of the viewer. For 
example, two light-source sections are lit when a 
projection image is viewed in a light place, and only 
one of them is selectively lit when a projection im- 

s age is viewed in a dark place. 

4) When two light-source lamps are selectively 
used, it is possible to extend the lives of the light- 
source lamps themselves. Moreover, for example, 
even when one of the light-source lamps is unable 

10 to be lit because of its end of life or failure, a pro- 
jection image can remain displayed by using the 
other light-source lamp, which improves operability. 
Further, for example, when the projection display 
device 5 is driven by a battery, the longevity of the 

is battery can be maintained by selectively lighting on- 
ly one of the light-source lamps. 

[0095] Of course, the polarized light illumination, de- 
vices 2 to 4 mentioned above may be used instead of 
20 the polarized light illumination device 1. „vi 

Seventh Embodiment 

[0096] The polarized light illumination deyice/0t^he 
25 present invention may be applied to a projection display 
device that uses reflective-type liquid crystal ligh^y^ves 
as optical modulation devices. 

[0097] A projection display device 6 shown in Fig. 1 5 
(a cross-sectional view of the projection display device 

30 taken along the xz plane) employs the polarized light 
illumination device 1 of the first embodiment. Randomly 
polarized light emitted from first and second light sourc- 
es 101 and 102 is separated into two types of polarized 
light by a polarized light separating and synthesizing op- 

35 tical element 201. P-polarized light of the respective 
separated polarized light is converted into s-polarized 
light by a X/2 phase plate (not shown) in a light -collecting 
lens section (not shown), and illuminates reflective-type 
liquid crystal light valves 801 , 802, and 803 disposed at 

40 three positions. 

[0098] Light emitted from such a polarized light illumi- 
nation device 1 (although a light-collecting lens section, 
a reflecting mirror serving as a path-changing optical el- 
ement, and the like are also provided in this embodi- 

45 ment, similar to the aforesaid projection display device 
5, they are not shown) is first separated into red light, 
blue light, and green light by a colored-light separating 
cross-dichroic prism 804 (colored-light separating opti- 
cal element) in which a dielectric multilayer film for re- 

50 fleeting blue light and green light and a dielectric multi- 
layer film for reflecting red light are formed in the shape 
of a cross. The red light enters a first polarization beam 
splitter 808 via a reflecting mirror 805 and a collimator 
lens 71 6. On the other hand, the blue light and the green 

55 light are reflected by a reflecting mirror 806, and arertheh 
separated into green light (reflected light) and bluejlight 
(transmitted light) by a green light reflecting dichrqj^mir- 
ror 807 (colored-light separating optical elemeritjilThe 
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colored lights enter second and third polarization beam 
splitters 809 and 810 via collimator lenses 716, r spec- 
tively. The polarization beam splitters 808, 809, and 81 0 
(polarized light separating optical elements) at three po- 
sitions are optical elements that have a polarized light s 
separation surface 811 inside thereof, and that have a 
polarized light separating function of separating p-polar- 
ized light and s-polarized light by transmitting p-polar- 
ized light of incident light and reflecting s-polarized light. 
Since most light emitted from the polarized light iliumi- io 
nation device 1 is s-polarized light, most of the colored 
' ;Hghts, which are incident on the first to third polarization 
|*;beam splitters 808, 809, and 810, are reflected by the 
'.'polarized light separation surface 811 so that the direc- 
' tions of travel thereof are changed by about 90°, and *s 
enter the adjoining first to third reflective-type liquid 
crystal light valves 801, 802, and 803. In some cases, 
however, a small amount of polarized light that is polar- 
ized in a direction different from that of the s-polarized 
light (e.g., p-polarized light) is mixed in the colored lights 20 
that are incident on the first to third polarization beam 
splitters'808, 809, and 810. Since such polarized light 
polarized in the different direction passes unchanged 
through the polarized light separation surface 811 and 
emerges without changing its direction of travel inside 25 
the polarization beam splitter, it does not serve as light 
for illuminating the reflective-type liquid crystal light 
valve. The function of the collimator lenses 716 placed 
on the incident sides of the polarization beam splitters 
is the same as that of the collimator lenses 716 used in 30 
the projection display device 5 described in the sixth em- 
bodiment. Therefore, collimator lenses may be inter- 
posed between the polarization beam splitters and the 
reflective-type liquid crystal light valves in another from 
this embodiment. These collimator lenses may be omit- 35 
ted. 

[0099] Light that is incident on the reflective-type liq- 
uid crystal light valves (s-polarized light) is subjected to 
optical modulation by the respective liquid crystal light 
valves according to image information from the outside. 40 
Specifically, the polarization directions of light to be 
emitted from the reflective-type liquid crystal light valves 
• eire changed according to display information, and the 
,ijir0ctions of travel of the light are approximately re- 
£&f? ed » and tne Ijght is emitted from the reflective-type 45 
liquid crystal light valves. The light emerging from the 
reflective-type liquid crystal light valve enters again the 
polarization beam splitter. In this case, since the emitting 
light from the respective reflective-type liquid crystal 
light valve is partially converted into p-polarized light ac- so 
cording to the display information, only p-polarized light 
is permitted by a polarized light separating function to 
pass through the polarization beam splitter (in this 
stage, a display image is formed), and reaches a color- 
ed-light synthesizing cross-dichroic prism 812. The ss 
colored lights that are incident on the colored-light syn- 
thesizing cross-dichroic prism 81 2 (colored-light synthe- 
sizing optical el ment) are synthesized into one optical 



image, and project d as a color image onto a screen 
71 5 by a projection lens 71 4 (projection optical system). 
[01 00] In this way, since the projection display device 
6 including reflective-typ liquid crystal light valves also 
employ reflective-type liquid crystal light valves that 
modulate one type of polarized light, if randomly polar- 
ized light is guided to the reflective-type liquid crystal 
light valves by using a conventional illumination device, 
more than half the randomly polarized light (about 60%) 
is absorbed by the polarizer, and changed into heat. 
Therefore, the conventional illumination device provides 
a low light utilization efficiency, and needs a large and 
noisy cooling device to restrict the heat generation by 
the polarizer. Such problems are substantially solved by 
the projection display device 6 of this embodiment. 
[0101] In the projection display device 6 of this em- 
bodiment, only one of the polarized lights (e.g., p-polar- 
ized light) is subjected to a rotatory polarization action 
by a A/2 phase plate (not shown) in the polarized light 
illumination device 1 so that the polarization plane there- 
of and the polarization plane of the other polarized light 
(e.g., s-polarized light) are aligned. Since the polarized 
lights polarized in the same direction are guided to the 
first to third reflective-type liquid crystal light valves 801 , 
802, and 803, the light utilization efficiency is improved, 
whereby a bright projection image is obtained. Moreo- 
ver, since the amount of light to be absorbed by the po- 
larizer is reduced, the increase in temperature of the po- 
larizer is limited. This permits the reduction in size and 
noise of the cooling device. Further, since two light 
sources, the first and second light sources 101 and 102, 
are provided and the polarization directions of emitting 
lights from the light sources are aligned without any loss, 
a bright projection image can be obtained. Since the po- 
larized light illumination device 1 uses dielectric multi- 
layer films that are thermally stable as polarized light 
separation films, the polarized light separating ability of 
the polarized light separating and synthesizing optical 
element 201 is thermally stable. For this reason, the pro- 
jection display device 6, which needs to produce a high 
light output, can always show a stable polarized light 
separating ability. 

[0102] Although two light sources 101 and 102 are 
used, since illumination light therefrom can be synthe- 
sized without increasing the incident angle (illumination 
angle) of the illumination light with respect to the illumi- 
nation area, the cross-sectional area of the illumination 
area is the same as that in the case where a single light 
source is used. Therefore, the amount of light per given 
area can be double that in the case where a single light 
source is used. As a result, a brighter projection image 
can be achieved. 

[0103] Since a reflecting mirror (not shown) that 
serves as a path-changing optical element is also inter- 
posed between a light-collecting lens section (not 
shown) that serves as a polarization conversion element 
and the colored-light separating cross-dichroic prism 
804 in the projection display device 6 of this embodi- 
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ment, it is possible to achieve a low-profile projection 
display device that has a reduced thickness in one di- 
rection, as mentioned in the sixth embodiment. 
[0104] In the projection display device 6 of this em- 
bodiment, as mentioned above, it also may be possible 
to detachably mount one of the first and second light 
sources 101 and 102, to use two types of light-source 
lamps having different emission spectrum and different 
brightness characteristics as the first and second light 
sources 101 and 102, or to selectively light the two light- 
source lamps, whereby the above-mentioned advantag- 
es can be obtained. 

[0105] Polarizers may be disposed on the incident 
sides of the polarization beam splitters 808, 809, and 
810, and on the emitting sides of the polarization beam 
splitters 808, 809, and 81 0 or on the emitting side of the 
colored-light synthesizing cross-dichroic prism. In this 
case, there is a possibility that the contrast ratio of a 
display image may be improved. 
[0106] Of course, the polarized light illumination de- 
vices 2 to 4 mentioned above may be used instead of 
the polarized light illumination device 1. 

Other Embodiments 

[01 07] In the projection display device using transmis- 
sive-type liquid crystal light valves, the polarized light 
illumination device of the present invention may be ap- 
plied to what is called a mirror optical system in which 
a colored-light synthesizing optical element is formed by 
two dichroic mirrors instead of the cross-dichroic prism 
713 used in the projection display device 5 of the sixth 
embodiment. In the case of the mirror optical system, 
since the optical path lengths between the three liquid 
crystal light valves and the polarized light illumination 
device can be made equal, effective illumination with 
few inconsistencies in brightness and color can be pro- 
duced without using the light guide means 750 de- 
scribed in the first embodiment. 

[0108] While p-polarized light is converted into s-po- 
larized light by the light-collecting lens section 401 and 
s-polarized light is used as illumination light in any of the 
embodiments mentioned above, conversely, s-polar- 
ized light may be converted into p-polarized light and p- 
polarized light may be used as illumination light. In this 
case, the phase layers 422 of the X/2 phase plate 421 
are placed at the positions where secondary light- 
source images are formed by s-polarized light. Further, 
- the polarization planes may be unified by subjecting 
both p-polarized light and s-polarized lighttothe rotatory 
polarization action. In this case, the phase layers are 
placed at the positions where secondary light-source 
images are formed by both the polarized lights. 
[0109] In the above embodiments, it is assumed that 
the X/2 phase plate and the X/4 phase plate are formed 
of common polymeric films. These phase plates may be 
formed by twisted nematic liquid crystal (TN liquid crys- 
tal). When TN liquid crystal is used, the wavelength de- 



pendency of the phase plates can be reduced. There- 
fore, the polarization conversion ability of the X/2 phase 
plate and the X/4 phase plate can be improved, com- 
pared with the case where common polymeric films are 
5 used. 

Advantages 

[0110] In the polarized light illumination device of the 

10 present invention, randomly polarized light emitted from 
the first and second light sources is separated into two 
types of polarized light by the polarized light separating 
and synthesizing optical element, and then v the, respec- 
tive polarized light is guided to predetermined ; ajjeas) 

is thereby aligning the directions of polarizations Since 
most of the polarized light radiated from the first and sec- 
ond light sources can be aligned into p-polarized light 
or s-polarized light, and radiated onto an illumination ar- 
ea in a synthesized state, the illumination area can be 

20 brightly illuminated. Although two light sources are 
used, since illumination light from the two light sources 
can be synthesized without increasing the incident an- 
gle (illumination angle) of the illumination light with re- 
spect to the illumination area, the cross-sectional area 

25 of the illumination light is the same as that in the case 
where a single light source is used. Therefore, the 
amount of light per given area can be made double that 
in the case where a single light source is used. |n this 
respect, the illumination area can be illuminated more 

30 brightly. 



Claims 

35 1. A polarized light illumination device comprising: 

a polarized light separating and synthesizing 
optical element having at least six sides and 
haying a first polarized light separation means 

40 for separating light, incident from a first side, 

into two types of polarized lights, emitting one 
ol the polarized lights toward a third side, and 
emitting the other polarized light toward a fourth 
side, and a second polarized light,. separation 

45 means for separating light, incident frohSaJs'ec^ 

ond side, into two types of polarized lights, 
emitting one of the polarized lights toward said 
fourth side, and emitting the other polarized 
light toward a fifth side; 

so first and second light sources for causing light 

to enter said first and second sides of said po- 
larized light separating and synthesizing optical 
element, respectively; 

a first light collecting and reflecting optical ele- 
55 ment disposed on said third side of said polar- 

ized light separating and synthesizing optical 
element and having a plurality of small light col- 
lecting and reflecting elements for changing the 
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travelling direction of respective incident light 
and forming a focal image; 
a second light collecting and reflecting optical 
element disposed on said fourth side of said po- 
larized light separating and synthesizing optical s 
element and having a plurality of small light col- 
lecting and reflecting elements for changing the 
travelling direction of respective incident light 
and forming a focal image; 

a third light collecting and reflecting optical el- w 
ement disposed on said fifth side of said polar- 
ized light separating and synthesizing optical 
element and having a plurality of small light col- 
lecting and reflecting elements for changing the 
travelling direction of respective incident light is 
and forming a focal image; 
a first polarization-state conversion optical ele- 
ment disposed between said third side of said 
polarized light separating and synthesizing op- 
tical element and said first light collecting and 20 
reflecting optical element; 
a second polarization-state conversion optical 
element disposed between said fourth side of 
said polarized light separating and synthesizing 
optical element and said second light collecting 25 
and reflecting optical element; 

a third polarization-state conversion optical el- 3. 
ement disposed between said fifth side of said 
polarized light separating and synthesizing op- 
tical element and said third light collecting and so 
reflecting optical element; and 
a polarization conversion optical element, dis- 
posed on the side of a sixth side of said polar- 
ized light separating and synthesizing optical 4. 
element, for aligning the direction of polariza- 35 
tion of light emitted from said polarized light 
separating and synthesizing optical element, 



characterised in that the first principal ray of 
light, which is reflected by said small light collecting 40 
and reflecting elements in said first light collecting 
and reflecting optical element and said third light 
collecting and reflecting optical element and enters 
said polarization conversion optical element, and 
the second principal ray of light, which is reflected 45 
by said small light collecting and reflecting elements 
in said second light collecting and reflecting optical 
element and enters said polarization conversion op- 
tical element, are in parallel with each other and do 
not overlap each other. so 

The polarized light illumination device according to 
claim 1 , 

wherein said first light collecting and reflecting ss 
optical element is disposed approximately in 
parallel with said third side of said polarized 
light separating and synthesizing optical ele- 



6. 



ment, said second light collecting and reflecting 
optical element is disposed approximately in 
parallel with said fourth sid of said polariz d 
light separating and synthesizing optical ele- 
ment, said third light collecting and reflecting 
optical element is disposed approximately in 
parallel with said fifth side of said polarized light 
separating and synthesizing optical element, 
and said first light collecting and reflecting op- 
tical element, said second light collecting and 
reflecting optical element, and said third light 
collecting and reflecting optical element are ar- 
ranged so that the principal ray of light, which 
is reflected by said small light collecting and re- 
flecting elements in said first light collecting and 
reflecting optical element and said third light 
collecting and reflecting optical element and 
enters said polarization conversion optical ele- 
ment, and the principal ray of light, which is re- 
flected by said small light collecting and reflect- 
ing elements in said second light collecting and 
reflecting optical element and enters said po- 
larization conversion optical element, are in 
parallel with each other and do not overlap each 
other. 

The polarized light illumination device according to 
claim 1 or 2, 

wherein the aperture shape of said small light 
collecting and reflecting elements is similar to 
that of an area to be illuminated thereby. 

The polarized light illumination device according to 
any of claims 1 to 3, 

wherein a light-collecting optical element hav- 
ing a plurality of light-collecting elements is dis- 
posed on the incident or emitting side of said 
polarization conversion optical element to col- 
lect light emitted from said polarized light sep- 
arating and synthesizing optical element. 

The polarized light illumination device according to 
any of claims 1 to 4, 

wherein a superimposing optical element for 
superimposing light emitted from said polariza- 
tion conversion optical element onto an area to 
be illuminated is disposed on the emitting side 
of said polarization conversion optical element. 

The polarized light illumination device according to 
any of claims 1 to 5, 

wherein a path-changing optical element for 
changing the optical path of light emitted from 
said polarization conversion optical element is 
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disposed on the emitting side of said polariza- 
tion conversion optical element. 

The polarized light illumination device according to 
any ot claims 1 to 6, 5 

wherein said small light collecting and reflect- 
ing elements in said first to third light collecting 
and reflecting optical elements are formed of 
curved reflecting mirrors. 10 

The polarized light illumination device according to 
any of claims 1 to 6, 



wherein said small light collecting and reflect- 
ing elements in said first to third light collecting 
and reflecting optical elements are composed 
of lenses, and reflecting surfaces formed on the 
side of said lenses which is opposite to said po- 
larized light separating and synthesizing optical 
element of said lenses. 

9. A projection display device comprising: 

a polarized light illumination device claimed in 
any of claims 1 to 8; 

an optical modulation element for modulating 
light emitted from said polarized light illumina- 
tion device; and 

a projection optical system for projecting the 
light modulated by said optical modulation ele- 
ment. 

10. A projection display device comprising: 

a polarized light illumination device claimed in 
any of claims 1 to 8; 

a colored-light separating optical element for 
separating light emitted from said polarized 
light illumination device into a plurality of color- 
ed lights; 

a plurality of optical modulation elements for 
modulating the colored lights separated by said 
colored-light separating optical element; 
a colored-light synthesizing optical element for 
synthesizing the lights modulated by said plu- 
rality of optical modulation elements; and 
a projection optical system for projecting the 
light synthesized by said colored-light synthe- 
sizing optical element. 

11. A projection display device comprising: 

a polarized light illumination device claimed in 
any of claims 1 to 8; 

a reflective-type optical modulation element for 
modulating light emitted from said polarized 
light illumination device; 
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a polarized light separating optical element for 
separating a plurality of polarized light compo- 
nents contained in th light emitted from said 
polarized light illumination device and thejight 
modulated by said reflective-type optical mod- 
ulation element; and 

a projection optical system for projectinglthe 
light modulated by said reflective-type- optical 
modulation element and emitted via saidpolar- 
ized light separating optica! element: ' > V 

12. A projection display device comprising: 

a polarized light illumination device claimed in 
any of claims 1 to 8; 

a colored-light separating optical element for 
separating light emitted from said polarized 
light illumination device into a plurality of color- 
ed lights; 

a plurality of reflective-type optical modulation 
elements for modulating the colored lights sep- 
arated by said colored-light separating optical 
element; , 

a plurality of polarized light separating optical 
elements for separating a plurality of polarized 
light components contained in the respective 
colored lights separated by said colored-light 
separating optical element and the respective 
colored lights modulated by said reflective-type 
optical modulation elements; 
a colored-light synthesizing optical element for 
synthesizing the lights modulated by said re- 
spective reflective-type optical modulation ele- 
ments and emitted via said respective polarized 
light separating optical elements; and • -wi . 
a projection optical system for projecting the 
light synthesized by said colored-light synthe- 
sizing optical element. ^%^.--V; 

40 13. The projection display device according. to any of 
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claims 9 to 12, 



45 



SO 



55 



wherein at least one of said first and second 
light sources is detachable. 

14. The projection display device according to any of 
claims 9 to 12, 

wherein at least one of said first and second 
light sources can be selectively lit. 
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[Fig. 2] 




CO 



20 



EP 0 938 014 A1 



[Fig. 3] 
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[Fig- 4] 
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[Fig. 7] 
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[Fig- 8] 
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[Fig. 10] 
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[Fig- 14] 
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[Fig. 15] 
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